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Abstract: In this work, we obtained the anticorrosive properties of polymer films (SS/PABA and SS/PABA-
ORG)  synthesized  on  stainless  steel  surface  by  adding  an  organic  substance  to aniline  derived o-
aminobenzyl  alcohol  monomer  synthesis  medium. Firstly, we  prepared  the  polymer  coating  bath  by
dissolving 0.15  M o -aminobenzyl  alcohol  monomer in  the  electrolyte  solvent  containing acetonitrile  and
0.15 M LiClO4. From this bath, poly (o-aminobenzyl alcohol) (PABA) film was synthesized in 30 segments by
cyclic voltammetry (CV) technique at a scanning rate of 50 mV/s at a potential range of -0.20/1.80 V on the
AISI 316 (SS) working electrode in contrast to the platinum electrode. For the synthesis of organic structure
doped polymer film (PABA-ORG), we repeated the same synthesis process by dissolving C21H27NO2(k) (ORG)
at low concentration in the same bath.  We investigated the corrosion performances of bare SS, SS/PABA,
and SS/PABA-ORG substrates, using open circuit potential – time, anodic polarization, and AC impedance
techniques in the solution of corrosion study. As a result, we observed that the organic additive added to
the synthesis medium caused changes in the synthesis behavior of  PABA. Corrosion performance tests
showed that PABA and PABA-ORG films increased the corrosion protection performance of the SS electrode,
and we observed a reduction of the corrosion rate of the SS electrode.
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INTRODUCTION

Corrosion  is  the  physical  and  chemical  erosion  of
metals  and  a  momentous  event  that  can  cause
serious  harm  to  humanity  despite  today's
developing technology. This phenomenon is because
metals  generally  undergo  electrochemical  and
chemical  reactions  within  the  atmosphere  due  to
environmental  factors.  So  the  materials  might
receive severe damage. To prevent these damages
and  losses,  researchers  have  been  developing
various methods and materials for years. Stainless
steel, which is one of these materials, is resistant to
many corrosive  environments  with  its  quality  and

stable oxide layers formed by chromium and nickel
metals in its compositions. However, it can corrode
faster  than  expected  in  environments  containing
chloride and sulfate (1-3). AISI 316 series stainless
sheets of steel,  which are frequently  preferred by
the  industry  due  to  their  cheapness,  easy
availability,  and  machinability,  also  have  the
disadvantage  mentioned  in  such  environments.
Although there are many methods used to prevent
this and increase the protective effect of stainless
steel,  conductive  polymer  coatings  have  received
much attention in the literature recently (4-10). In
particular,  polyaniline  and  its  derivatives  are
conductive polymers that are frequently studied and
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give  fruitful  results.  The  main  characteristics  of
conductive  polymers  are  their  high  conductivity,
corrosion-resistant, and non-corrosive enough to be
brought to the metal level.

Furthermore,  their  electrochemical  coating  on
technical  metals  results  in  meager  costs,  under
constant  potential,  constant  current,  and  cyclic
voltammetry. Besides, one of the commonly applied
techniques in recent years is cyclic voltammetry. In
this  technique,  after  the  monomer  oxidation,  the
polymer  film  is  converted  into  induction  and
oxidation  forms  during  synthesis. After  the
monomer  oxidation,  there  is  a  conversion  of  the
polymer  film  into  induction  and  oxidation  forms
during  synthesis.  As  known,  once  most  inorganic
inhibitors are harmful to the environment, organic
inhibitors  containing  amine  groups  are  useful  to
prevent corrosion. Amine-based inhibitors compose
a  thin  adsorbed  layer  on  the  substrate,  and  this
layer  has  a  polymeric  structure  and  is  extremely
protective against corrosion (11-13). The research
made  in  the  literature  shows  that  the  organic
structure  can  add  to  the  matrix  of  conductive
polymer films (14). This study aim is to investigate
the anti-corrosive properties of poly (o-aminobenzyl
alcohol)  synthesized  from  an  aniline  derived
monomer  o-aminobenzyl  alcohol  on  AISI  316
stainless  steel.  Also,  we  synthesized  the  polymer
coating (PABA-ORG) obtained in a mixture solution
including o-aminobenzyl  alcohol  (ABA) and  2,6-di-
tert-butyl-4-{(E)-[(4-
hydroxyphenyl)imino]methyl}phenol  (Mw: 325.45)
(ORG) compound  having  varying  degree  of
hydrophobic  chain  length  and  the  steric
environment  on  AISI  316  stainless  steel  (SS)  in
LiClO4 +  acetonitrile  medium.  We  explored  the

corrosion  performances  of  PABA  coatings
synthesized  without  and  with  0.50  mM  ORG
compound in a 3.5 % NaCl solution. We evaluated
the  electrochemical  measurement  techniques  of
PABA  polymer  films  with  and  without  ORG
compound obtained on SS (SS/PABA and SS/PABA-
ORG) and bare SS.

MATERIALS AND METHODS

All  electrochemical  experiments  were  carried  out
with three-electrode in single-cell  technique on CH
Instruments  electrochemical  workstation.  In  the
experiment  cells,  Ag/AgCl  (3M  KCl)  and  square
platinum  plate  with  a  surface  area  of  0.25  cm2

electrodes  were  reference  and counter  electrodes,
respectively.  AISI  316  electrode  with  a  0.50  cm2

surface was the working electrode.  Shortly  before
use, the SS electrode surface was carefully polished
with  400  and  1200  grid  abrasive  paper,
respectively,  and  washed  with  acetone+ethanol
(1:1) mixture and bi-distilled water in this order. For
the  poly  (o-aminobenzyl  alcohol)  (PABA)  coating,
we  dissolved  0.15  M  o-aminobenzyl  alcohol
monomer  in  acetonitrile  (ACN)  containing  0.15  M
lithium  perchlorate.  Electropolymerization  was
carried out by cyclic voltammetry (CV) technique in
30 segments between -0.20 and 1.80 V at a scan
rate of 50 mV s-1. The fitting curves in the Nyquist
and Bode diagrams in Figure 5c were analyzed using
the ZView2 software.  The structure of the organic
compound named 0.50 mM 2,6-di-tert-butyl-4-{(E)-
[(4-hydroxyphenyl)imino]methyl}phenol
(Mw: 325.45)  joined  to  the  PABA  polymer  film  is
given in Figure 1. The electropolymerization of PABA
polymer  film  containing  an  organic  compound
(PABA-ORG) we applied the same process as that of
PABA polymer film.
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Figure 1: Chemical structure of the organic compound.

RESULTS AND DISCUSSION

Synthesis of the Polymeric Film 

In this study, we synthesized PABA film in 0.15 M o-
aminobenzyl  alcohol  (ABA)  monomer  dissolved  in
the solution of LiClO4 in ACN by CV technique in one
step.  We  coated  Poly  (o-aminobenzyl  alcohol)
(PABA) homopolymer films with and without organic
compound (ORG) of 0.50 mM concentration on the

surface of the SS electrode using cyclic voltammetry
at a scan rate of 50 mV/s. Figure 2 shows the film
growth curves observed for SS in 0.15 M ABA (a)
and  0.15  M  ABA  +  0.50  mM  organic  compound
(ABA-ORG)  (b)  containing  0.15  M  LiClO4 +  ACN
solution. Film growth curves of electrodes obtained
in  both  ORG  compound-containing  and  ORG
compound-free PABA medium, which are referred to
here  as  SS/PABA-ORG  and  SS/PABA  respectively,
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showed in  Figure  2.  We obtained the  works  at  a
scan rate of 50 mV.s-1. 

We  carried  out  30  segments  for  the  synthesis  of
PABA  or  PABA-ORG coating  on  the  SS  electrode.
Both  coated  electrodes  exhibited entirely  different
electrochemical  behavior in CV curves. The anodic
current values increased after the potential value of
0.89  V  during  the  first  cycle  in  ABA  monomer
containing LiClO4 + ACN solution, while we observed
them after the potential value of 0.88 V for LiClO4 +
ACN  +  ABA  monomer  mixture  with  the  organic
compound.  The  8.84x10-4,  a  peak  current  value
obtained for the ABA monomer medium, was related
to the monomer oxidation of o-aminobenzyl alcohol
on  the  SS  electrode.  The  monomer  oxidation
process in ABA and ORG compound mixture moved
to  previous  potential  value,   while  its  current
intensities were incredibly high as 1.12x10-3  A than
that  the  presence  of  only  ABA.  This  case  clarifies
itself for being a better conductive medium in the
presence  of  ORG  compound  concerning  only  the
presence of ABA. It showed that the addition of ORG

compound to ABA solution provided an increase in
the electropolymerization rate.

Furthermore,  because  it  was  not  observed  an
additional  oxidation  peak  in  cyclic  voltammogram
(Figure  2b),  we  concluded  that  the  organic
compound is of high purity. Also, we did not observe
the dissolution of the SS electrode for both coated
electrodes.  On  the  other  hand,  the  peak  current
increases obtained for monomer oxidation of coated
SS  electrodes  were  significantly  high  in  the  first
anodic  cycles,  while  their  values  decreased  with
increasing  cycle  numbers.  These  behaviors  of  SS
electrode in LiClO4 and ACN medium containing ABA
with and without ORG compound could be explained
by the lower conductive surface of synthesized PABA
film,  for  the  SS  electrode  surface.  Moreover,
monomer  oxidation  peak  intensities  recorded  for
ABA + ORG compound mixture were comparatively
higher  when compared with that  of  only  the  ABA
medium. After the growth of the polymer film, the
process covered the SS electrode surface, a green
uniform  film  for  both  o-aminobenzyl  alcohol
conditions with and without ORG compound. 

Figure 2: CVs of SS/PABA (a) and SS/PABA-ORG (b) homopolymer film synthesis.

Corrosion  protection  abilities  of  coated
electrodes
The anticorrosive properties of the PABA and PABA-
ORG  coated  SS  electrodes  in  3.5  %  NaCl  were
evaluated  with  EIS,  Eocp-time  plots,  and  anodic
polarization plot.

We  plotted  the  Eocp values  of  SS,  SS/PABA,  and
SS/PABA-ORG electrodes against the exposure time
at the first half-hour and different exposure times
(see  Figure  3).  Initially,  the  Eocp measurement  of
bare  SS  metal  was  -0.234  V,  while  these  values
recorded for SS/PABA and SS/PABA-ORG electrodes
in 3.5 % NaCl electrolyte solution were 0.140 V and
0.070 V, respectively. The  Eocp values obtained for
uncoated  and  deposited  electrodes  shifted  to  an
anodic direction in time. Yet, the Eocp measurements
of the SS/PABA-ORG electrode raced to the cathodic
direction for a short time after 1654 s of exposure

time. We reported these values of SS/PABA to shift
to  the  positive  domain  to  0.165  V.  Afterwards,
according to our observations, the Eocp values of SS/
PABA-ORG electrode  shifted to  the anodic  domain
from 0.053 to  0.206  V,  between 2 and 168 h of
exposure  time  (see  Figure  3b).  These  values
recorded for SS/PABA electrode remained constant
close to the same potential value for 168 min.

Consequently,  we  noticed  that  the  SS/PABA-ORG
substrate had significantly positive potential region
comparison with the only PABA deposited SS metal.
We  attributed  these  positive  measurements
obtained  for  the  SS/PABA-ORG  electrode to  the
formation of, especially nickel and chromium oxide
layers,  which built up with an extended immersion
period,  at  metal/polymer  interface.  On  the  other
hand, the Eocp measurements of bare SS metal were
carried to the cathodic region from -0.076 to -0.124
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V, between 2 and 168 h of immersion period. This
case  indicated  that  chloride  ions  increased  the
active  dissolution  of  SS  the  underlying  chromium

and  nickel  oxide  layer  utilizing  its  aggressive
property and small ion diameter. 

Figure 3: Open circuit potential-time plots of SS, SS/PABA, and SS/PABA-ORG electrodes at first half-
hour (a) and different immersion times (b).

Figure 4 compares the anodic polarization plots of
SS,  SS/PABA,  and  SS/PABA-ORG  substrates  after
168  h  of  exposure  period  in  the  solution  of
corrosion.  In  the  presence  of  bare  SS,  we
determined the corrosion potential value (Ecorr) as –
0.130 V.  Besides,  the  current  values obtained for
bare SS were highest when compared with those of
coated  SS  electrodes.  This  case  showed  active
dissolved  of  stainless  steel  in  the  wider  potential
region,  while  current  values  of  the  SS  electrode
remained  almost  constant  in  the  high  potential
domain,  owing to the  formation of  chromium and
nickel oxide layers. On the other hand, the corrosion
potential  values  of  SS/PABA  and  SS/PABA-ORG
electrodes  were  anodic  direction  when  compared
with that of the bare SS electrode. Therefore, this
result  implied  conversion  of  SS  electrode  from

anodic  dissolution  to  chromium  and  nickel  oxide
layers  under  the catalyzing effect  of  polymer film
after the corrosive types reached to the SS. The Ecorr

values of polymer film coated electrodes were high
due to oxide layers formation and reduction of PABA
film. As a result, stabilities of PABA and PABA-ORG
coatings  were  high while  permeability  was  low in
aggressive  medium and ensured important  anodic
protection on SS in extended time. Also, the current
values  of  SS/PABA  and  SS/PABA-ORG  electrodes
were  significantly  lower  than  that  of  the  bare  SS
electrode.  This  case  showed  the  effective  barrier
properties of polymer coatings on the SS electrode.
The lowest current values recorded for PABA-ORG
coating  indicated  that  ORG compound  addition  to
poly(o-aminobenzyl  alcohol)  structure exhibited an
excellent barrier property on the SS surface.

Figure 4: Anodic polarization plots of SS, SS/PABA, SS/PABA-ORG electrodes, after 168h of exposure
time.

The Nyquist diagrams obtained for uncoated SS and
PABA coated SS (SS/PABA), and PABA-ORG coated

SS are present in Figure 5 for 2, 96, and 168 h of
immersion times in the solution of corrosion. There
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was a  depressed semicircle  for metal  corrosion at
the  high-frequency  region  for  bare  and  deposited
electrodes. In Nyquist curves, a one-time constant
defined  as  depressed  semicircle  at  the  high-
frequency  region  gave  the  polarization  resistance
(Rp).  The  Rp value  obtained  for  the  bare  SS
electrode  was the  sum of  the  resistance  of  oxide
layers (Ro) and the charge transfer resistance (Rct)
corresponding  to  the  metal/solution  interface
formed at the bottom of the pores. In contrast, the
fact  that  almost  all  curves  obtained  for  coated
electrodes were composed of a depressed semicircle
gives the Rp value, including the Ro, the Rct, and the
polymer  film  resistance  (Rpf).  Besides,  the  linear
region at the low-frequency side of the Nyquist plots
recorded for  all  of  them denoted the  presence  of
Warburg  impedance  (Zw)  showing  a  noticeable
formation of layers, after 2 h of immersion time in
Figure  5a.  Warburg  impedance assumes  the
diffusion resistance consisting of corrosion types of
the  substrate  because  of  being  at  approx.  45o of
angle, in phase angle, ()-log f plots (14-18). The
observation  of  the  linear  portion  at  the  low-
frequency  district  showed  that  the  coating  had
active barrier property.

Consequently, we observed a typical charge transfer
process occurring under diffusion control as a linear
part.  As  a  result,  ion  diffusion  processes  taking
place  through the pores  of  the coating and oxide
layers  towards  the  underlying  metal  surface  at  a
metal/solution  interface  denoted  the  presence  of
Warburg impedance. We observed that the bare SS
electrode  had  important  anti-corrosion  properties
due to the formation of stable chromium and nickel
oxide layers, after 2 h of the exposure period. In the
case of  uncoated SS and coated electrodes,  there
was  still  a  linear  portion  defined  as  the  Warburg
impedance at the lowest frequency domain, which
indicated  the  active  protective  properties  of  the
oxide  and  polymer  films  on  surfaces, after  96  h.
Nevertheless,  we noticed on phase angle-logf  plot
that the   values of coated electrodes obtained a
maximal value at approx. 60o (Figure 5b). Higher 
values of PABA and PABA-ORG polymer film coated
SS  electrodes attributed  to  limited  corrosive
products diffusion process taking place through the

pores of the coating and the formation of new oxide
films  towards  the  underlying  SS  surface  at
metal/solution interface  (14-18).  In Figure 5c,  the
incremental  Rp value  of  depressed  semicircle
obtained polymer-coated both electrodes at the high
frequency indicated the growth of the passive films
consisted  of  nickel  and  chromium  oxides,
metal/polymer  interface.  In  the  presence  of
SS/PABA  and  SS/PABA-ORG  electrodes,  the  one-
time constant  at  high frequency composed of  the
total  resistance  of  Rct value  corresponding  to  the
dissolution of metal at the bottom of the pores,  Rpf

value and Ro value. The linear portion at the low-
frequency region of the Nyquist curves denoted the
presence  of  Warburg  impedance,  pointing  out  an
unusual  formation of films  (14-18).  It is also well
known that Warburg coefficient (σ) values give an
idea  about  the  diffusability  of  ion  through  the
polymer film and oxide layers or only the former.
We investigated the diffusive properties of polymer
films deposited on the SS surface and calculated the
Warburg  coefficients  with  details  given  in  the
literature (17-18) and (see Table 1). The σ value of
SS/PABA  and  SS/PABA-ORG  electrodes  was
comparatively higher when compared with  that  of
uncoated  SS substrate,  after  168 h  of  immersion
period (Table 1). We obtained this highest  σ value
obtained  for  SS/PABA-ORG  electrode  by
investigation of the -logf plot. In -log f plot, the
peak representing polarization resistance expanding
between mid and low frequencies  in the curve  of
SS/PABA-ORG electrode indicated the highest phase
angle than those of SS/PABA and bare SS electrodes
(Figure  5B(c)).  So,  it  was  evident  that  on  SS
electrode coated with PABA polymer in the organic
compound medium had lower porosity structure and
number (or only the former), when compared with
that of only PABA polymer. As a result, these low
porosity properties allowed the limited ion diffusion
from the pores of the coating on the metal surface.
So,  organic  compound  situated  in  polymer  film
structure reduced more the porosity structure of SS
electrode by more catalyzing the formation of oxide
layers on the SS surface with time. Consequently,
the more formation of  nickel  and chromium oxide
layers  on  the  SS  surface  inhibited  mainly  the
dissolution of stainless steel metal. 

Table  1:  Corrosion  performance  values  of  coated  and  uncoated  SS  electrodes,  after  168 h period  of
immersion. 

Electrode EOCP (mV) Rp (kΩ) σ (Ω.s-½)

SS -124 5.08 2200.79

SS/PABA 148 30.80 10484.84

SS/PABA-ORG 206 31.16 12576.56

CONCLUSIONS

In this study, we have synthesized PABA film with
and without organic compound on the SS surface by
cycling the potential in LiClO4 + acetonitrile solution.

The cyclic  voltammetric  curves  demonstrated  that
PABA coatings synthesized with and without organic
compound  medium  had  different  morphologic
structure and different potential values of monomer
oxidation.  We  investigated  the  corrosion
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performances  of  SS/PABA  and  SS/PABA-ORG
electrodes  in  a  3.5  %  NaCl  solution.  It  was
evaluated with  Eocp-time curves, anodic polarization
curves,  and  the  AC  impedance  diagrams  and  of
PABA polymer  films  synthesized  with  and  without
ORG compound obtained on SS surface. This study
clearly  showed  that  all  the  PABA-ORG  coating
provided  valuable  protective  property  against
corrosive  types  such  as  aggressive  chloride  ions.

The Nyquist diagrams revealed that PABA-ORG film
exhibited  significant  catalytic  efficiency  on  the
formation  of  protective  oxide  layers  on  the  SS
surface  when  compared  with  only  PABA  film.
Consequently,  PABA-ORG  coating  was  low
permeable  and  high  stability  under  aggressive
chloride  medium  and  ensured  exceptional  anodic
protection on SS over a longer time.
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Figure 5: Nyquist (A) and Bode (B) curves recorded for SS, SS/PABA and SS/PABA-ORG electrodes after
2 (a), 96 (b) and 168 (c) h of exposure time in 3.5 % NaCl solution.
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